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~ Overview

e History of LCR Revisions
e Updates on Science
— Lead Health Effects
— Sampling Site Selection
— Sampling Protocol
— Treatment
e Summary
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Lead and Copper Rule

Rulemaking History
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'History of LCR Revisions ‘

e Original Lead and Copper Rule was promulgated in
1991

— Many studies have been conducted since 1991 on LCR-related
topics, including corrosion and corrosion control

— Lessons learned from systems attempting to simultaneously
comply with multiple NPDWRs

e Several revisions have been made to the rule since
1991

— LCR Minor Revisions in 2000
— LCR Short-term Revisions in 2007

e Significant issues left for LCR ‘Long-term’ revisions
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LCR Long-Term Revisions (LCR-LTR) |

e Potential Changes to Lead and Copper Rule
— Sample site selection criteria (lead and copper)

— Sampling procedures for lead and copper tap
monitoring

— Public education for lead and copper

— Corrosion control treatment & process control
— Lead service line replacement requirements

— Remove/revise outdated requirements

— Streamline rule requirements for systems

— Other Issues
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'NDWAC Consultation

e National Drinking Water Advisory Council (NDWAC)
Meetings

— Optimal Corrosion Control Treatment (March 25-26.
2014)

— Sample Site Selection (May 29-30, 2014)
— Sampling Protocol (Sept 18-19, 2014)
— Lead Service Line Replacement (Nov 12-13, 2014

6
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Updates on Science

Health Effects
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What is the Pb ‘Action Level’?

e The Pb action level is NOT health-based

— It’s not a threshold level that separates safe and unsafe Pb
levels

— EPA and CDC Risk Assessments:
e There is no safe level of exposure to lead.

e Infants, children and pregnant women should avoid all
exposure to lead.

— EPA’s lead action level is a threshold value which requires
public water systems to take action to reduce consumers lead
exposure if lead levels exceed the lead ‘action level’ of 15 ppb.

e Set at 15ug/L in 1991 based on EPA’s understanding of the
existing treatment capabilities and treatment costs at that
time (i.e., achievable level)
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Explaining The Risk

When MCLG = specified

value (not zero) = no known
or anticipated adverse
health effects occur below
that value.

u Action Level

=& No known or anticipated risk
A MCLG = Cu AL

Higher

\

The Pb action level is above
the health-based MCLG of
zero, and so there is a risk
from lead exposure below
EPA’s Pb action level.

Pb Action Le

There is risk below
threshold

MCLG for Pb = 0: No level without known or
anticipated adverse health effects; Pb AL = 15 pg/L.
9
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Centers for Disease Control and Preventio
(CDC)—on lead in DC water

e Childhood lead poisoning prevention programs should be made
aware of the results of local public water system lead monitoring
measurement under LCR and consider drinking water as a potential
cause of increased BLLs, especially when other sources of lead
exposure are not identified.

When investigating cases of children with BLLs at or above the
reference value established as the 97.5 percentile of the
distribution of BLLs in U.S. children aged 1-5 years, drinking water
should be considered as a source.
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Low Lead Level Exposure Harms Chlldren°

A Renewed Call for Primary Prevention
(January 4, 2012)

Advisory Committee on Childhood Lead Poisoning Prevention
(ACCLPP) of the Centers for Disease Control and Prevention

e Reaffirmed there is no safe level of lead exposure.

e Recommended eliminating term ‘blood lead level of
concern’ — replaced with ‘reference value’ (currently

5ug/dL) to emphasize that there is no safe level.

e Reaffirmed the best way to protect children is to prevent
lead exposure in the first place.

“In January 2012, a committee of experts recommended that the CDC
change its “blood lead level of concern.” The recommendation was

based on a growing number of scientific studies that show that even

low blood lead levels can cause lifelong health effects.”
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Fetal Death and Reduced Birth Rates Associatec
with Exposure to Lead-Contaminate

e Fetal death rates (FDR) in Washington DC (1997-2004) peaked
in 2001 when water lead levels (WLLs) were highest.

e FDR were minimized in 2004 after public health interventions
were implemented to protect pregnant women.

e Birth rates in DC increased versus Baltimore City and versus
the United States in 2004-2006, when consumers were
protected from high WLLs.

e After public health protections were removed in 2006, DC
FDR spiked in 2007-2009 versus 2004-2006 in a manner
consistent with high WLL arising from partial lead service line
replacements.

| nttpiiipubs.acs.c 110.1021/¢

1
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Fetal Death and Reduced Birth Rates Associatec
with Exposure to Lead-Contaminated _

e DC FDR dropped to historically low levels in 2010-2011 after
consumers were protected and the PSLR program was
terminated.

e Re-evaluation of construction-related miscarriage cluster in
the USA Today Building (1987-1988), demonstrates that high
WLLs from disturbed plumbing were a possible cause. Overall
results are consistent with prior research linking increased
lead exposure to higher incidence of miscarriages and fetal
death, even at blood lead elevations (= 5 ug/dL) once
considered relatively low.

 http:
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Lead & Element Percentages i in
Corrosion Byproduct Solids

Lead & Element Percentages in Important Corrosion Byproduct Solids

Mineral Name
litharge, massicot
plattnerite, scrutinyite

Cerussite
Hydrocerussite

Formula
PbO

PbCO,
Pb,(CO,),(OH,,

Plumbonacrite

Anglesite

Leadhillite, Susannite,

MacPhersonite
Hydroxypyromorphite
Chloropyromorphite

Tertiary Lead
Orthophosphate

Lead(ll) orthophosphate

Pb,,(CO,)s(OH)
O

PbSO,

Pb,(SO,)(CO,),
OH),

Pb;(PO,),OH
Pb.(PO,),Cl

Pb,(PO,),

Pby(PO,)s

%C
0.00
0.00

4.50
3.10

2.80
0.00

2.20

0.00
0.00

0.00

0.00

%0
7.20

13.40
18.00
16.50

15.70
21.10

17.80

15.55
14.15

15.80

15.80

%S
0.00
0.00

0.00
0.00

0.00
10.60

3.00

0.00
0.00

0.00

0.00
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Lead Service Line Disturbances
‘Partial LSL Replacement

LSL disturbance - ; | ‘ | .
Scale has fallen off -

Physical LSL Disturbances Can
Dislodge High-Pb Scale and Sediment

Sediment/Scale - Primarily Aluminum,
Phosphorous & Calcium

*330,000 pg/L Pb in particulate sample
*125,000 pg/L Pb in suspended sample
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Public Education / Risk Communication

e Residents with LSLs should be alerted to the risks posed by LSLs

e PWSs should not assure residents that the water is safe to drink
when it is not

— Not an accurate statement
— Residents will not take measures to protect their families

e Notify residents of risks from particulate lead and scale/sediment
release from LSL disturbances

e Thoroughly flush the lines following LSL disturbances and provide
flushing and aerator cleaning instructions to residents when LSLs
are disturbed

16
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Sampling Site Selection

17
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Sources of Lead in Drinking Water

e Lead service lines

ave not

e Leaded brass (brass meters, faucets, valves, connectors, couples, etc.)
— Commonly found in most homes
— Lead content and leaching potential varies significantly

— Devices meeting 0.25% on wetted surface began to emerge with CA
and VT legislation before 2011 SDWA Amendments.

— Significance will decline over time as existing devices are replaced
with 2014-compliant devices, but can still be a factor in the near term

e Leaded solder
— Common in homes built prior to SDWA use prohibition in 1986

— Significance continues to diminish with time 18
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Lead Release Mechanisms
Water Quality Factors

e Corrosive/Aggressive Water Quality

— Corrosive/Aggressive water can dissolve lead into the
water and cause release of lead particles

e Water Chemistry

—Iron and Manganese can sorb lead and transport it into
home plumbing (‘seeds’ home plumbing with lead)

— Natural Organic Matter (NOM) in source water can
increase lead release

— Chloride-to-Sulfate Mass Ratio can increase galvanic
corrosion.

— Chemistry of water varies and can change over time

e Can affect the composition and stability of scales
within LSLs and lead release

19
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Lead Release Mechanisms
Physical and Chemical Disturba

e Physical and chemical disturbances of LSL scales can cause
lead to dissolve into water and/or particulate lead release
into the water

e \Water chemistry changes can result in high lead release
system-wide*

e Physical disturbances to LSLs can release lead-bearing
scale and sediment at individual sites™

e Galvanic Corrosion

— Connection of copper pipe to lead pipe during partial LSL
replacement can cause galvanic corrosion of lead

e Chloride to sulfate mass ratio can impact severity of
galvanic corrosion.

*where lead sources are present
20
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Lead Release: Other Factors

Variable Length of LSLs
— Can vary significantly within same system
— Longer LSLs can contribute more lead

Current rule allows 50% LSL sites and 50% leaded-solder sites as
Tier 1 sites

— Sites with LSLs yield much higher results overall than non-LSL
sites

Water Usage Varies from Site to Site

— Low water use homes may perpetually have high lead

— Homes become vacant and are subsequently re-occupied
— Stagnation can affect protective scales within LSLs
Particulate Lead is released sporadically

— Can increase with higher flow rates

21
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Distance Between Water Main and
Homes Varies Signif

.
. g«/z««m««m&%ﬁ«mm««m«m

Site 29
159 ft
LSL
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Major Variability Factors: Summary Table

Higher Risk/Lead Release Factors
%
) Recently Lower | Disturbed | Partial artet Fe/Mn in Aggressive
Site . Longer LSL water
re-occupied | water use LSL LSL water water zone
temps
1 X X X X X
2 X X X X
3 X X X
4 X X X X
5 X X X X
Lower Risk/Lead Release Factors
. Higher . . Colder . .
) Continuously Undisturbed| No |No partial| Shorter No Fe/Mn in |Non-aggressive
Site . water water
occupied LSL LSL | LSL LSL water water zone
use temps
6 X X X X
7 X X X X X X X
8 X X X X X
9 X X X X X X
10 X X X X X X
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Sampling Protocol

24
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Distance Between Kitchen Taps and
LSLs Varies Considerably
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Pb is Variable Across Sites

LSL Values by Site
+ Min(ug/L) = Max(ug/L) =+ Ave (ug/L)
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Pb is Variable Within Each Site

LSL Values by Site
ug/L) = Max(ug/L) » Ave (ug/L)
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Peak Pb Occurs at Different Points
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Using Same Liter at all Sites
Misses Peak at Most/All Sites

June (28 Sites)

" ﬂ(‘l‘s e . and | 3rd | 4th | 5th | 6th | 7th | 8th | 9th | 10th | 11th| 12th
:iizs art g iter | liter | liter | liter | liter | liter | liter | liter | liter | liter | liter | liter
6 | 25 | 26 ‘ 28 | 24 | 24 | 28

1st t
i

No. of sites that W %/
.

26

Percent of sites % / ‘
- LA o o A / 9o/ | -
lead value //”f > { 5 Yo

6
miss peak lead | 2 :Lf»* /
across all sites liter | liter | liter | liter liter

-
28 | 27

/ |
value ////% / %
that miss peak %? | % o
No. of sites that

e
S

it
2

miss peak lead

value %%%////%
Percent of sites %////%/

that miss peak % [93% [90% | 93% | 83% | 80%
lead val
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Treatment

30
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Optimal Water Quality Parameters
Are Not Controlling Pb/Cu Level:

e APWS isin compliance with requirement to minimize Pb/Cu
levels if they meet the OWQPs designated by the State.

e Since original LCR was promulgated:

— Over 6,000 lead action level exceedances for CWSs in
SDWIS/FED

— Many more copper action level exceedances at CWSs and
many more lead and copper action level exceedances at
NTNCWSs

— Most systems are in compliance with OWQPs.

eOnly 172 OWQP violations over same timeframe
indicates that LCR’s OWQP compliance framework is
not effectively controlling lead levels.
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Comparison of 90" Percentiles

Comparison of System 90th Percentile Compliance Data with
Sequential Sampling 90th Percentile and Maximum Values

June 90th %ile
Sept/Oct 90th %ile

B June Max
Sept/Oct Max

W
<

Lead (pg/L)
g

WY
Lo

Liter1 Liter2 Liter3 Liter4 Liter5 Liter6 Liter7 Liter8 Liter9 Liter 10Liter 11 Liter12
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Comparing 15t Draw to LSL Samples

Lead Service Line Results Above AL - City B
Flush until Significant Temperature Change)

Numberof S

16 t0 20
41 to 50
51to 75
76 to 100
201 to 300
301 to 400
4071 1o 500
Above 500

® 101 to 200

Range of LSL Lead Valu
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Lead Service Line Scales

Lead Service Line (LSL) Scales

The composition, stability and solubility
of LSL scales can and do vary
considerably. It's important to know what
is happening inside the LSLs: Unstable
scales can result in high particulate
release. Studies can inform, and
common scientific principles can be used
for treatment, but all systems are
different, so CCT may not be working
according to theory or as anticipated in a
given system.

.

Magnified Scales
View: Separated into
layers by color and
texture.

Photo: USEPA-ORD 24
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Lead Service Line Scales

i x
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Galvanic Corrosion Evidence
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opse SLTRCE oalicyid Snl DILEL et o

Photos: USEPA-ORD

Brass fitting end
completely dealloyed

Connections between
lead pipe and brass
or copper in some
water systems show
boundaries where
scale mineral
transitions reflect pH
conditions much
lower than bulk
water, consistent with
expected impacts of
CSMR or other
factors increasing
galvanic corrosion
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Summary

37

Flint FOIA Production 12-120000062 ED_000838_00000671-00037



EPA FOIA Production 12/12/2016
Flint Water Documents

Is“the Water Safe to Drink?

e Based on the health effects studies as well as data and studies
in systems with LSLs, the answer is very likely ‘no’ for most
homes with LSLs.

e Physical LSL disturbances happen daily

— Water main repair/replacement; meter and shut-off valve
repair, installation & replacement

— Number of Partial LSLR from infrastructure work far
exceeds LCR-required LSLR

e Maintaining optimal treatment is important, but does not
address all risk factors

— Homes with low water use; LSL Disturbances; Galvanic
corrosion from partial LSLR; Re-occupied homes that were
unoccupied for extended periods of time.

38
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Is the Water Safe to Drink?

e Water quality changes
— Can affect Pb levels system-wide or in specific areas

— Water main material/condition can affect pH/Pb levels in
some areas

e Scale/sediment released from LSL disturbances can be
dangerous and should be flushed thoroughly out of home
plumbing.

e Residents should be reminded that aerators should be cleaned
regularly
e \Water usage varies and can change

— Varies from site to site and usage at any site can go from
high to low, low to high, stay high or stay low.

— Homes become vacant and are subsequently re-occupied

39
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Additional Information

For more information on Chicago Lead Sampling Study:
http://www.epa.gov/RegionS/water/chicagoserviceline/index.htmi

Chicago Lead in Drinking Water Study (download)

Advice for Residents

How do | know if | have a LSL Questions on LSL scales
What do LSLs look like and analyses:

Cleaning aerators

Flushing instructions Michael R. Schock

Collecting water samples (513) 569-7412
schock. michael@epa.gov

Related Journal Article:

Del Toral, M. A., Porter, A., & Schock, M. R. (2013). Detection and
Evaluation of Lead Release from Service Lines: A Field Study.
Environmental Science and Technology, 47(16), 9300-9307.
doi:10.1021/es4003636

Miguel A. Del Toral deltoral miguel@epa.gov 312-
886-5253
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Miguel A. Del Toral deltoral. miguel@epa.gov  (312) 886-5253
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Water Main Replacement Work
A Field Example

Miguel A. Del Toral

Note: Construction practices can vary significantly, and some techniques used in
this example may or may not be used by other companies.
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A trench is dug along the curb for the new water main.
After digging the trench the new water main is lowered in place.
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Once the new main is placed, it is connected (being done here
and the trench is buried with gravel temporarily.

g o '%/, /g "
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After they have installed the new main along the entire block, the water in
the new main is shock-chlorinated (using concentrated chlorine). Once the
bacteriological tests come back clean, they start excavating again to
disconnect the lead service lines from the existing main and connecting
them to the new main. The old main is next to the new one so they have to

break up more street to get to service connections on the opposite side of
the old water main which connect across the street.
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Once they dig out the gravel and uncover the new main again, they
install a tap fitting using this machine, which drills a threaded hole into
the new main, and then a threaded fitting (nextpic) is installed using
the same machine.

e

Hallen
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This is what the new fittings (main taps) look like.

0

.
.
.
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They then excavate around the existing lead service line (shown
by red arrow) using a shovel.

.
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Next, because they can’t get to the service shut-off valve on the old
water main, two 2-Ib hammers are used to pound the existing lead
service line shut. Some utilities excavate to the old main and shut the

_ ]

ED_000838_00000672-00008

Flint FOIA Production 12-120000063



EPA FOIA Production 12/12/2016
Flint Water Documents

Once the lead pipe has been collapsed shut, they have to cut the lead
pipe to be able to attach it to the new water main (nextpic
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The lead service line is cut with snips. They cut partially, rotate it,
cut more, rotate, etc., until they cut through it.

Flint FOIA Production 12-120000063
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In this case the lead pipe was not completely collapsed, so water

i

.
i
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The lead pipe is pounded more to stop the water flow. Since the part
of the lead pipe being pounded is connected to the old main, it is just
pounded shut and left in place.
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This is the remaining portion of the lead service line to the home, so
they will attach this to the new main. Although the cut is clean, there is
significant bending of the lead pipe to bring the edge out and also
when connecting to the copper pipe. Lead is more flexible than copper,
so they typically bend the lead pipe to make the connection.
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This is a bronze compression fitting being put on the LSL end.

L

.

i
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Segments of copper pipe are cut, and a coupling is slipped over the
end of the pipe. A metal flaring tool is inserted to flare the end of the
copper tube (next pic) so it does not slip out of the coupling.
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This is what the flared end of the copper tube

Flint FOIA Production 12-120000063
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The copper pipe is ready to connect. The flaring tool is shown above.
The other end of the copper tube will be flared in the trench.

T
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The valve on the new main is opened slightly to allow the water
to run to clear any debris.
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A thread sealer is applied while the water runs.
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The copper pipe is too long to make the connection to the lead pipe
and must be cut.

i
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The copper pipe is cut using a rotary cutter.
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The final cut copper pipe.
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The bronze connector is slid onto the copper pipe and the end of
the copper pipe is flared.

i
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The lead and copper pipe are connected. In this case a dielectric fitting
was not used, potentially increasing the risk of galvanic corrosion of
the lead pipe.

.
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Once the pipes are joined, the valve is opened to check for leaks.
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The new connection to the main was not sufficiently tightened,
so water sprays out once the valve is opened.
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Tightening the connection stops the leak.
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Once all is tightened and there are no leaks, the work h
done.

ere is
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View of final connection from the sidewalk level

Ko

Flint FOIA Production 12-120000063 ED_000838_00000672-00029




EPA FOIA Production 12/12/2016
Flint Water Documents

Once the connection is made and there are no leaks, the trench
is filled with gravel

I . . L 0 ) ; : o i . , /é“ .
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The previous pictures were a connection to the near side home. This
copper connection is longer, going across the trench since the home is
on the other side of the street.

. .
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The excavation work in the street caused a leak in theexisting lead
service line, so a lateral trench was dug along the lead line to reach the
leak. An additional length of the lead line was removed and replaced
with copper pipe and a new shut-off valve was installed.

New shut-off valve = remaining lead line going
— . | into the home

In this picture the lead line was replaced wth copper pipe
from the main to the edge of the sidewalk at the right.
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This is the same location as the last slide. Another (shorter)
segment of copper pipe is connected to the lead line serving
the home across the street.
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This is the scale inside from a lead service line that was removed

ide, where the pipe |

.
.
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This section of lead pipe which was extracted has only residual scale
left inside.

wuw/

e
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The scale and sediment released following the physical disturbance and

partial replacement of a lead service line was collected and the lead levels in
the scale and sediment were measured.

The scale and sediment contained
extremely high lead concentrations.

. }éix .
- 0)‘{

.
o
?}%éb\

Sediment/Scale = Primarily Aluminum,
Phosphorous & Calcium

*330,000 ug/L Pb in particulate sample
*125,000 ug/L Pb in suspended sample
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« Background Information
—-Qverview of LCR Sampling Requirements
—-Background on Study
= Purpose of Study
+ Study Findings
LCR sampling protocol significantly underestimated peak lead (Pb)
levels and probable mass of released Pb
Lead concentrations varied significantly within Lead Service Lines
(LSLs:).
The majority of high lead results occurred at sites with LSL
disturbances, with low -water usage potentially playing a role:
EPA and others’ flushing recommendations can lead to higher lead
exposure
Lead levels were higher in warmer water temperature months
+ Additional References and Resources
Background Information
LCR Sampling Requirements
+ -Variability of Pb levels in drinking water
=-Pb canvary depending on site selection; sampling protocol,
different corrosion mechanisms, homes with and without lead
service lines, lead service line disturbances; water use, water
chemistry/qualit
2
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Background Information
LCR Sampling Requirements
« LCR Site Selection and Sampling Protocol
— Intent is to use worst-case conditions (site selection and
sampling protocols) to find the highest lead
— In 1991, the first-draw sample was intended to capture Pb from
leaded solder; leaded brass and lead pipes/service lines
+ Worst-Case Sampling Conditions
—If worst-case conditions were not used; the number of samples
required to characterize lead levels would have to increase
Background Information
LCR Sampling Requirements
LCR cm:npliance is based on a ‘90" No. of samples
percentile value’. based on population
90'h Percentile — Math Refresher: 182 nart
» For a set of values, the 90" percentile is 34’4 Pgﬁl—
the number where 90% of the values are L Sg,t
lower. 95 ug/l
« Example: For a set of 10 values, order g:? sgjt
them from high to low; 90% percentile = 34 pglL
the ninth value from the boftom. 3.1ug/l
A PWS that exceeds the Pb AL based on their 90
percentile value must undertake the actions
specified in the LCR.
3
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Explaining The Risk
What is a Pb ‘Action Level'?

The action level is simply that

— EPA’s lead action level is a threshold value which
requires public water systems to take action to reduce
consumers lead exposure if lead levels exceed the lead
‘action level’ of 15 ppb.

«-Setat 15ug/L in 1991 based on EPA’s understanding of the
existing treatment capabilities and ireatment costs at that time
(i.e., achievable level)

«The Pb action levelis NOT health-based

— |t's not a threshold level that separates safe and unsafe
Pb levels

- Based on EPA and CDC Risk Assessments:

» There is no safe level of exposure o lead.

« Infants, children and pregnant women should avoid:all. exposure
to-lead.

Explaining The Risk
(Simplified Linear Risk Example)

N
Higher
Risk

AN
>

5

When MCLG = specified

value (not zero) = no

known or anticipated

adverse health effects
igher ocour below that value.
evels

Increased risk

Threshold Valie

s
Risk “,/

- X

N known or
anticipated risk

A MCLG

:;g;‘er The Pb action level is
above the health-based
MCLG of zero, and so
there is a risk from lead
exposure below EPA’s

Higher Pb action level.
Levels

m#‘Mw
Mﬁ/The&r& is risk below threshold s i—

Ph MCLG = 0 = No level without known
or anticipated adverse health effects

M e e v e e

\ 4

\

o

Pb Action Level

i
1
H
i
o ‘
i
H
]
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On to the study...
Background Information
Purpose of Study
» Purpose of Study
= To evaluate the method used by public water systems to:collect
compliance samples for lead'in drinking water.
+ Although lead contributions from plumbing have
changed, the LCR sampling protocol is prescriptive
and has never been updated.
= Leaded solder contribution -has gone down in 20+ years since use was
banned
= Allowable lead in brass-and other plumbing fixtures:has been
significantly reduced in L.ead in Drinking Water Reduction Act; effective
inJan 2014.
= Lead service lines will continue to be the largest source of lead in
drinking water
5
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Background Information
Study Roles and Responsibilities
EPA: ‘

+ solicited volunteers

+ analyzed samples

+ estimated LSL lengths

Chicago Department of Water
Management:
+ water quality data
Volunteers: . Water. main, service line
materials data
+ collected samples water usage data
« provided plumbing info work reports / data on
+ info on LSL disturbances disturbances to LSLs

Background Information

Study Basics

» Homes were built between
1890 and 1960
=.23-homes are served by Jardine
plant
=9 homes are served:by South

plant Légend
V| o Berdn dres

- Estimated lengths of LSLs - .
ranged from 43 ft to 159 ft L g e
(13.1 to 48.5 m)

—-Information - was unavailable
for 2 sites

— Some lead service lines
extended beyond the front -
wall further into the home Chicago Water

Service Areas

11
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Background Information
Chlcago Department of Water Mgm
. LCR Comp iance Stalus?
¥ Based on first-draw samples,
per LCR requirement.
¥ Consistently met LCR Pb action
level since 1993
Corrosion control treatment?
Blended phosphate addition for last
19 years at two conventional
treatment plants
Chemical Additions ? Chlorine;
Aluminum Sulfate or Alum and
Polymer; Activated Carbon;
Fluoride
Background Information
Chlcago Department of Water Mgm ‘Chicago LCR
‘ Compliance Data
City of Chicago (1992 —2010)
£
Water Quslis GO ) 90 Percentile Lead Values ug/L)
Period Begin | Period End | Samples| Value
Temp (C)
Tarbidity (NTU) 1/1/2008 12/31/2010 50 6
pH 75178 7.7 178 1/1/2005 12/31/2007 50 6
Cl, Residual 1.0 12 07 0.9
(mg/L) : . : . 1/1/2002 12/31/2004 50 4
Total Alkalinity 1171999 | 12312001 | 50 7
(mg/L as 103 108 | 98 | 108
CaCOy) 1/1/1999 12/31/1999 50 8
Chloride (CI,
gl 1620 |17 =20 1/1/1998 12/31/1998 53 14
Sulfate (mg/l) 29 31 | 29 30 71111997 12/31/1997 | 100 11
Ca (mg/L) 34 139 [ 34 ] 39
PO, (mg/L) 04 ] 06 | 05 | 05 1/1/1997 6/30/1997 100 10
Total PO,
ma/L) 08 | 11|08 | 12 1/1/1993 6/30/1993 100 13
Al(ug/l) 34 ) 126 f 29 -] 113 7171992 12/31/1992° - 120 20
Fe (ng/L) <5 <5 ["<5 ] 34
Mn (ug/L) Sl 3 1/1/1992 6/30/1992 100 10
7
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Background Information
Study Sampling
All samples - Volume = 1 liter; Stagnation time >= 6 hours
Three rounds of monitoring:
1) Mar/Apr 2011
v first-draw
v flushed: 45 sec
2) June 2011
v=12 sequential ;
3) Sept/ OCt 201 1 e zn:»e;nmwm;t:m it
v 11+ sequential o
¥/ first-draw
v>-flushed: 3, 5,7 minute
“First-draw” included normal household use (NHU) or pre-
flushing (PF) prior to a minimum 6 hour stagnation time
First-Draw :: 15t Sequential :: LCR-Type Compliance Samples,
Background Information
Study Sampling
— Pre-flushed (PF) First-Draw Samples
»Volunteers were instructed to run the water for 5 minutes before
beginning the minimum 6 hour stagnation-period-before sampling.
—Normal Household Use {NHU) First-Draw Samples
«Volunteers were instructed to use wateras itis. normally used in the
household; but allow-a minimum 6 hour stagnation-period before
sampling. Volunteers were not instructed to runthe water-for 5
minutes the night before.
o Flushed sample (45 second, 3 min, 5 min, 7 min, 10 min)
+ ‘Run the water for the specified amount.of time and then collect the
sample.
o ~Stagnationtimes (all samples)
= Most stagnation times were relatively consistent across most sites at
between 6-and 8.5 hours
=-Ali'buttwo sites had stagnation:-times ranging from 6 hoursto:9 hours 10
min 15
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Background Information
Study Sampling ~
' Plumbing Diagrams
stfnear the front of the borne and the
hitehern tap s also atfnear the front of the
i
4~ Serdor ne comes nto the bome
| atfnear the back of the home and the
Kitchen tap s atfnear the front of the
home.
2 - Service ine comes iito the home at/nest e
the feont of the home and the kichen ap s
atfnenr the back of the bom
| G Gther: i mone of the ather 4
| Blagrams matches your home plusbing,
use this diagram to drw where the
B fire comnes ke the home, ard
3 - Service fine comes into the home stfnear | where the Kitchen fap i in your home,
the back of the home and the kitchen tap |
i alan atfnmar the back of the home,
16
Background Information
Sample Analyses
All samples were analyzed for Lead (Pb), Copper (Cu),
iron (Fe), and Zinc (Zn) to identify plumbing components
Sample Location: Site 8 {June Sequential Sampling)
¥ Lead ®Copper “lron W Zing
25 30
80
20 70
g 60 =
é‘) is5 5:5
2 50 2
g £
3 a0 ®
b 10 — §
g I 30 =
5 These residual levels are important as you will see later | 20
I I H % 2 10
0 . o
1 2 3 4 5 & 7 8 9 10 11 12
Plumbing: 102 feel from waler main to meter. Erom meter: 6.5 I galvanized iron pipe riser,
then 7 1t horizontal run of galvanized iron pioe through crawl space, to kilchen sink,
Galvanized lron pipe is 1 inch diameler, 47
9
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STUDY FINDINGS

Study Findings

Summary of Findings

In Lead Service Line systems, All or part of service

- line is made of lead.
existing Lead and Copper Rule e Lead Servics Line
(LCR) sampling protocol :

significantly underestimated:
» Peak lead (Pb); and |
» Probable mass of Pb released

Additional findings:
» Sequential Sample Peaks > First Draw Pb Levels
+ High Variability Within and Across Sites
= Pb Higher in Warmer Months
Disturbed Sites = Highest Pb
» Disturbances May Dislodge High-Pb Scale/Sediment
45-sec Flush Samples > First-Draw Samples

10
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LCR Sampling Protocol Significantly
Underestimated Peak Lead (Pb) Levels
and Probable Mass of Released Pb
LCR Sampling Underestimates Pb
Missing the Peaks
‘ Summary and Comparisonof
Sampling Protocols Used in Study

¥ " PF:and-NHU 1%t draw samples
£ each had 0 resuits above Pb
3 AL in March/April (colder-water
E 5 temperature)
3
g PF 13t draw samples had 1
- resuit above Pb AL.in Sept/Oct
§ ’ fst (:lraw 7Niis:d!aw PEIst dvaw’ NHU tst ’ 45-sme Sequential  Sequential NHU 15( draw samp!es had 2

samples®  samples  samples draw flushed samples samples resuits above Pb AL in

(haarfBpr} {tune} {Sept/iet} . :::;:m , m;l:;’; Hune} {Sept/Oct) S eptIO ct.

Sampling Protocol
‘ &lmaw m! Czrimn f Sa mpﬁug mtcl Ran!ts
PE lat draw
Caiales samples
HPEE | SeprOcn
11
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LCR Sampling Underestlmates T —
Mlssmg the Peaks ,

Companson of System 90th Percentlie Compliance Data with
Sequential Sampling 90th Percentile and Maximum Values

B June Wax T June 90th %ite
B Sept/Oct Max W Sept/Oct 90th %ile
ig 2 ¥

8

A
L)

Lead (ug/L)
S

[y
o

Liter1 Liter2 liter3 Literd liter5 Liter6 Liter7 Liter8 Liter9 Liter10Liter 11liter12

22

Lead Concentrations Vary Throughout
Each Individual LSL and among Different
LSLs Across the System.

12
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Pb Levels are Highly Variable

LSL Values by Site
e« Min{ug/L) = Max{ug/L) » Ave (ug/L)

40
35
30 ®

’_'3"25 ® &

@ @
k4 @ J Iy L & 4
'%i 15 i i [ T @
% N A

4 S

10 T
4 % 1 l {

o & i T 1. 2 z ! &

X *ee I ¢ 8 l $

134567 8 9101112131718182122232425262728293031323334353638

Site

4 4 B

2
& i
.
i
B

G-t B
L

24

LCR Sampling Underestimates Ph s
Missing the Peaks

Why
Lead service lines vary in length
Length of internal plumbing before LSL varies significantly and
every home’s plumbing is different
- Some LSLs end justinside the front wall
»-Some L:SLs:continue beyond the front wall

+. Kitchen tap locations vary home by home (front, middle, back of home, same
side ‘as meter/opposite side from meter)

Corrosion mechanisms can be different
«.-Uniform corrosion
+-Galvanic corrosion
» Particulate Pb release / transport-of Pb.with Fe/Mn particles into homes
LSL disturbances canoccur at different points in the L3L
«Water main repair or replacement or significant street excavation
+ - Service shut-off valve or leak repair or replacement
- “Water meter or AMR installation or repair
Water use varies

13
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LCR Sampling Underestlmates PL

Missing the Peaks

Hahce misses the peak Pb at most or all sites.

Flint FOIA Production 12-120000064

S X3 ——— i i 52

o
o ,.-MWMM/“’” B B e R
e

£ % % H v 5 w ¥ o

P JUNPURNIA S ——— PR

Pl

T /W

2h a1

) z 5 E i v

prrerey

LCR Sampling Underestimates Pb
Missing the Peaks

ing one sample misses
peak Pb at most sites

across all sites liter | liter | liter | liter | liter | liter | liter | liter | liter | liter | liter | liter
[No. of sites that
miss peaklead
value

ercent of sites that

iss peaklead
alue

100% 96% |9 8 8 100%]| 8 8 100%]-9

The 1° liter is currently used for | CR compliance sampling
(missed the peak lead 100% of the ime ).

1/13/2014
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LCR Sampling Underestimates Pb
Missing the Peaks

City BLSL Sampie Resuits (June ~ Oct 2011)

Lead Service Line Resuits Above AL - City B

{Flush until Significant Temperature Change)
20

70
60
50 - &
40
30
20
10

68

Number of Samples

Wajority between
16 and 30 pg/t

85 results (4.3%) are above 30 pg/l }.—%———.}—‘

o s

T B
Al o

2 s

fn) fnd

-t

1610 20
211030
31 to 40
5
76 to 10
01 to 20
201 to
301 to 40
401 to 500
Above 500

-
Range of LSL Lead Values {ug/L}

The majority of high lead
results occurred at sites with a
documented physical
disturbance of the LSL

15
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Disturbed LSL Sites had ng hest ;,
What is a ‘Disturbed LSL Slte"?
Dlsmrbed LSL S‘tes Disturbed and Undisturbed Average LSL Values
« - Street excavationin by Site
front of home (e.g., » R Pym—— -
main replacement) 20 osouthplane | UHDISTURBED
External service }'}25
shut-off valve ‘% 20
repair/replacement ‘%"; 15 * %
Service line leak Zw { | % % [ % } { } { + [
repair T
p 5 + [ ] ; i‘ I i "
Meterinstallation or 0 157 5 51017272629303135 5 4 6 111518192225 24 252632 34 3638
replacement
Auto-meter-reader B 57 17
(AMR) installation 21 27 7
33 27 6
Disturbed LSL Sites had Highe
# of Disturbed Sites
36%
Total samples Collected - over 15 ug/L
Al G 1‘ Disturbance - Scale has
/ f
# of Undisturbed Sites .
Total Samples Collected 2%
(Undisturbed) over 15 ug/Lj
# Samples above 15 ug/L |
lsancemnz -
| during pipe removal -» Intact
‘* scale
1
16
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Pipe Scale Analysis:
Overview

General Corrosion Control theory >
Add orthophosphate fo form insoluble scales on the pipe
wali-and inhibit Pb release.

How to check?
Characterize corrosion scales on plumbing materials.

Magnified Scales
View: Separated into
layers by color and
fexture.

Whole Pb Service Line: Cuf open to expose
corrosion scales.

Pipe Scale Analysis:
Results

Layer Al Ca Fe P Pb

1 16 7 19 11 14 0

PbServiceline 2 12 4 05 6 39 0
Average 3 48 1 042162 0
0

4 04 0 01 0.2 80
*Elements are expressed in weight %.

Conclusions

+-No insoluble Pb-phosphate found in any scale layer.

+ Layer1 2 blanket-like layer with elevated ‘Al, Ca; and P content.

Inhiblion ol Pb release hete does nol follow general heory of insoluble scale.

lnslead Phrelease inhibited by armorphous diffusion bartier (blankel-dike layer)

«Why? Composition of the Pb pipe barrierlayer may. be due to reaction of blended
phosphate and Al carry-over from coagulation and natural hardness.

« How does this increase Pb release risk? Layer 1 is not-well-adhered to pipe wall.
Layer-1- easily sloughs off when disturbed. ‘Dislodged scale releases particulate Pb.
When Layer 1 is knocked off, exposes underlying layers with higher Pb.content.

17
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Disturbed LSL Sites had Highest Pb

Disturbances Can Dislodge
High-Pb Scale/Sediment

Sediment/Scale - Primarily Aluminum,
Phosphorous & Calcium

+330,000 ug/L Pb in particulate sample
«125,000 ug/L Pb in suspended sample

‘)
Wl

18
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Study Example: Before & After
Aug 2011 Meter Install
Site 35
e ~g-June ~fil-Sept/Oct
L;@Zl\z wes we e = EPA-Action Level
6.0
25
= 11.9 1010 g
51_ 9.9 e 7.6 ?wf 25
86 M’;ﬁm m;":‘: Z@w S
%2 53 Wﬂ;?m”ﬁ’u
4 5 6 7 8 9 10 11 12
liter
7
19
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Findings: Low Water Usage May

Higher Pb

=-June ~fii-Sept/Oct
win we ws & EPA-Action|Level

211
| 196
=
=) 13.8.1.13.9.1.14.1
s R
11 12713 14
38

More Appropriate

Flushing Guidance Is Needed

Flint FOIA Production 12-120000064

1/13/2014
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Flushing Guidance Takes Consume
ngher Pb
First Draw and 45~Sec Flushed Samples
1st Draw:(Normal Household Use) mmm 45-Sec Flush (Normal Household-Use)
= «| ead Action Level
=
—
o
=20
T 15
©
@ 10
o |
0 | BN |
13.14.15 1617
Site
Resulls 2 EPA’s 30 to 45 second flushing guidance
can take residents with LSL s to higher lead.
FElushed Sample Summary Table (ng/L Flushed Sample Summary T'able (ng/l.
NHU PE NHL PE
| 564} asda ]
. nbo a0
]
3231 |
| 150 p it ]
48 1326 ] ]
580 480 1
38 1ae ] |
e
440 1406 ] |
s iy
| 558 1403 ]|
719 500 ]
e
In most cases, flushing longer
than 3 minutes did not appreciably
d lead level
Flushing for 3 to & minutes recuce fead fevels
significantly reduced lead levels in There remains a ‘baseline’
homes that had the highest lead level of lead in the drinking water
levels. which varies from site to site.
Red text indicates levels above the lead action level. 41
21
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Why Pre-flushing before collecting 15t draw samples
resulted in the lowest lead levels.
First-draw Sampling Variants s L
TS T T R
A NHU first-draw sample involves using 74 02 65
the water as residents normally do = = il
before the 6 hour stagnation period and ——
then not using water in the household for e
at least 6 hours until the first-draw
H _snen
sample is collected.
A pre-flushed (PF) first-draw sample
involves running water for 5 minutes
. .
before the 6 hour stagnation period and
then not using water in the household for
at least 6 hours until the first-draw _
sample is collected. L
A 5-minute flushed sample involves
running the water for 5 minutes and then
immediately collecting the sample (no EmE
stagnation period).
What a pre-flushed 15t Draw
Sample Will Capture
Aone liter sample will capture water in roughly about 10
feet of household pipe.
if this kitchen tap is pre-flushed for 5 minutes
in most cases the high lead is completely
flushed from within the LSL and the interior
household plumbing to the kitchen tap and
you are left with only the ‘baseline’ lead levels
within the home plumbing after the pre-
flushing.
Vimbing Material
e oppet Toguwb
u rass stop
- e
o Pl e solderor
seldderad copper
p— 43
22
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What a NHU First-Draw Sample
E B 15t Liter} E N
§ g i S O T S b i H \
i vﬁ} s
E E
| E
i i
] ]
i i
Under normal household use, the lead
slugs move through the plumbing in ]
spurts.
Plunibica Miterial 4
= har Lt
- aad Srap
3 Ply: S solderor
soldated copper
Pre-fiushed ve NHU firsidraw samples
A one-liter sample will capture the lead in
roughly ten feet of pipe from the kitchen
tap (varies depending on inner pipe —_ _!f'/"“”‘*“ P’{“‘“““ —Se”“"c_‘z"”
diameter and corrosion inside pines), &
Site 8 - Galv. Fe and Cupipe LBl Is
approximately 54 t from kitchentap soaPE | o [ 70
1% draw sample did not catch L SL water but | stes | o8
a NHU sample will sometimes catch it.
Therefore, the NHU result can be significantly
higher than the PF result.
Sile 9 - Galv, Fe pipe: From Meter/LSL is
13.5 7 from kitchen tap so a PF 15 draw
sample did noi catch the LS| water, but a
NHU sample will sometimes cateh it :
Therefore, the NHU result can be significantly e
higher than the PF result.
Gile 29 - Short Cupipe The L Sl comes in
through the floor right under the Kitchen sink
s0 both the PF and the NHU 1 draw : - .
Sample caught Lot water
45
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Lead levels were higher in warmer

water temperature months

Teal Lakes Average Y ety Temperatuars  2orT

Seasonal Variability
Pb Higher in Warmer Months

T

(Isttp://eoastwuteh glerl nosa.gov)

-1 rior

o
g

T T

The LCR currently requires ‘standard
monitoring’ to be conducted during two six-
month rounds which each include a broad
range of water temperatures
= January through June
="July through December
Sampling conducted in colder water months |
(Mar/Apr) produced lower Pb levels than
samples collected in the warmer water
months (Sept/Oct)
~Qverall, 68% and 69% of NHU:and PF
first-draw samples, respectively, were
higher.in Sept/Oct'than in- Mar/Apr.

First-Draw Mar/Apr vs. Normal BreFlush
BeptiDct Household Use

Student's t-Test
P-Value
(two-tailed, paired)

Surface Water Tamperature (degrees ¢}
5 3

S

FAN e At e

iz

Feb  Mar _apr  Mey duwn  Jul aug  Sep  Got  Nov  Dec
{trom Gront Lakes Surtace Euvirenmente; Anal;
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NDWAC Consultation
on LCR Revisions

NDWAC Consultation
on Potential LCR Revision

s NDWAC White Paper on Potential LCR Revisions:
Sample Site Selection Criteria
Lead Sampling Protocol
Public Education for Copper

Measures to Ensure Optimal Corrosion Control
Treatment

Lead Service Line Replacement

25
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Take Home Messages

Take Home Messages

The current LCR compliance sampling significantly
underestimated lead levels

Care should be taken when performing work to minimize
the disturbance of LSLs

= Provide flushing instructions when: LSLs are disturbed (see.next
slide)

= Flushing recommendations for homes with LSLs should be updated
to avoid increasing consumers’ lead exposure.
Where feasible, removal of LSLs is the best permanent
solution

- AWWA/AMWA: “We support replacement of lead service lines that
significantly contribute to high lead levels in-the home.”

= LSLs canresult in-many unintended consequences for-other
treatment; operational and maintenance activities, as well as

compliance complications.
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Flushing Advice for homes where
LSL is disturbed.

{ Try oot toose aucens for

. Tighing that would bring
e, gt water flow .
direction for flushing, the particles into the
househald,

1 sy Aivtiich ventar fiow divecting
% drstey o with partiches,

Whan your lead service line b distinbed.
aan the waler 1o cleac gl af the haiened ?

seate nutof the pipes.

You should use s faret lose o whore the
Wwater cornes 1o the o 10 prevent the
panicles from coring o the hougehoid
plumbiog s much as possiol.

Hyou o not Bave an outshle hose spinot,
Yeucan dse g mop or DElieY ok in the
Latemient that is clode 1 whem the witer
coomes it the hoime.

Take Home Messages

. PWSs CANNOT use alternative site selection

criteria or LSL sampling for compliance right now

— LCR site selection and sampling protocol is
prescriptive, with no flexibility to change sampling
protocol (static since 1991)

— PWSs CAN use alternative site selection criteria and
sampling protocols to help optimize corrosion control.

¢ Consult with State!

— PWSs can incur violations if LCR sampling

requirements are not followed for compliance samples.
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Additional Information

For more information on Chicag‘dﬂ ‘Lead Sampling Study:
http://lwww epa.gov/Regions/water/chicagoserviceline/index. htmi

» Chicago Lead in Drinking Water Study (download)
+Advice for Residents
« How dol know il have a LSL
What do LSLs look like
« Cleaning aerators
« Flushing instructions
« Collecting waler samples

Related Journal Article:
Del Toral, M. /A:; Porter; A., & Schock, M. R.(2013). Detection.and Evaluation of
Lead Release from Service Lines: A Field Study.Environmental Science and
Technology, 47(16),9300-9307.:doi:10.1021/es40036 36

Miguel A. Del Toral deltoral. miguel@epa gov 312-886-5253
Michael B Schock schock michael@epa ooy 513-569-7412
Andrea Porter porter andrea@epa gov 312-886-4427

54

Questions
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